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TORQUE MANAGEMENT TECHNIQUES FOR
ENGINE SYSTEMS HAVING BELT-DRIVEN
STARTER GENERATORS

FIELD

The present disclosure relates generally to internal com-
bustion engines and, more particularly, to torque manage-
ment techniques for engine systems having belt-driven starter
generators.

BACKGROUND

Internal combustion engines can combust an air/fuel mix-
ture to drive pistons that rotatably turn a crankshaft to gener-
ate drive torque. The drive torque can be transferred from the
crankshaft to a drivetrain to propel a vehicle. Mild hybrid
vehicles can be temporarily powered using electric motors,
which can allow the engines to be periodically turned off to
decrease fuel consumption. One example of a mild hybrid
vehicle is a vehicle having an engine and a belt-driven starter
generator (BSG). The crankshaft of the engine can be coupled
to a flywheel and the BSG can be coupled to the flywheel via
a belt. When the engine needs to be restarted after a period of
inactivity, the BSG can turn the crankshaft using the belt to
restart the engine quickly and smoothly.

SUMMARY

In one form, a method is provided in accordance with the
teachings of the present disclosure. The method can include
determining, at a controller for an engine system comprising
an engine, the controller having one or more processors, a
desired torque output from the engine system in response to a
torque request, wherein the engine is configured to generate
torque at a flywheel, and wherein the engine system includes
a belt-driven starter generator (BSG) coupled to the flywheel
by a belt. The method can include determining, at the con-
troller, a current engine torque capacity. When the desired
torque output is greater than the current engine torque capac-
ity, the method can also include: (i) determining, at the con-
troller, a maximum engine torque capacity, (ii) determining,
at the controller, a current BSG torque capacity, (iii) com-
manding, by the controller, the BSG to operate as a torque
generator or a torque consumer based on a difference between
the desired torque output and the maximum engine torque
capacity and a state of a battery system configured to power
the BSG, and (iv) controlling, by the controller, the engine
and the BSG to collectively generate the desired torque output
at the flywheel of the engine.

In another form, an engine system is provided in accor-
dance with the teachings of the present disclosure. The engine
system can include an internal combustion engine configured
to generate torque at a flywheel in response to a torque
request, the torque request indicating a desired torque output
of'the engine system, the engine being associated with a BSG
that is coupled to the flywheel by a belt, the BSG being
configured to operate as a torque generator or a torque con-
sumer. The engine system can also include a controller con-
figured to determine a current engine torque capacity. When
the desired torque output is greater than the current engine
torque capacity, the controller can also be configured to: (i)
determine a maximum engine torque capacity, (ii) determine
a current BSG torque capacity, (iii) command the BSG to
operate as the torque generator or the torque consumer based
on a difference between the desired torque output and the
maximum engine torque capacity and a state of a battery
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system configured to power the BSG, and (iv) control the
engine and the BSG to collectively generate the desired
torque output at the flywheel of the engine.

Further areas of applicability of the teachings of the present
disclosure will become apparent from the detailed descrip-
tion, claims and the drawings provided hereinafter, wherein
like reference numerals refer to like features throughout the
several views of the drawings. It should be understood that the
detailed description, including disclosed embodiments and
drawings referenced therein, are merely exemplary in nature
intended for purposes of illustration only and are not intended
to limit the scope of the present disclosure, its application or
uses. Thus, variations that do not depart from the gist of the
present disclosure are intended to be within the scope of the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example diagram of an engine system includ-
ing an internal combustion engine and a belt-driven starter
generator (BSG) according to the principles of the present
disclosure;

FIG. 2 is an example functional block diagram of a con-
troller of the engine system according to the principles of the
present disclosure; and

FIG. 3 is an example flow diagram of a method of torque
management for an engine system having a BSG according to
the principles of the present disclosure.

DESCRIPTION

A mild hybrid vehicle having a belt-driven starter generator
(BSG) can use the BSG to restart an engine quickly and
smoothly after a period of inactivity. The BSG can be pow-
ered by a battery system, such as a car battery or a battery
pack, and can include an electric motor that can rotatably
drive a belt that is coupled to a flywheel of the engine. Torque
management systems can control how the engine torque is
generated by controlling different engine actuators, some of
which provide slow torque response, e.g., airflow, and some
of which provide fast torque response, e.g., ignition timing.
Adjusting these actuators can generate a torque reserve,
which can be used for fast torque delivery when needed. One
example torque management technique for generating a
torque reserve is ignition timing retardation, which can
decrease fuel economy.

The BSG is typically deactivated during operation of the
engine. Because the BSG is capable of quickly supplying
drive torque at the crankshaft of the engine, however, the BSG
could be used as a torque reserve. Utilizing the BSG as a
torque reserve can increase fuel economy compared to igni-
tion timing retardation. The BSG, however, is limited by the
state of its battery system. In addition, when the engine is
operating and the BSG is deactivated, the belt requires at least
a desired minimal tension to be able to provide a desired
torque response and/or to prevent damage. An electric vari-
able tensioner (EVT) or another suitable tensioner device can
be used to maintain at least the desired minimal tension of the
belt when the BSG is deactivated during engine operation.
These devices, however, can increase vehicle costs.

Accordingly, torque management techniques for engine
systems having BSGs are presented. It should be appreciated
that the term BSG as used herein can also refer to other
suitable mild hybrid vehicle systems. The techniques can
utilize the BSG as a torque reserve by commanding the BSG
to operate as a torque generator to provide additional torque at
the engine flywheel, provided the BSG’s battery system is
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capable of providing sufficient power. When the battery sys-
tem is incapable of providing sufficient power to the BSG, the
BSG can be commanded to operate as a torque consumer to
recharge the battery system using a portion of the torque
generated by the engine at the engine flywheel. When the
BSG cannot provide the additional requested torque, operat-
ing parameters of the engine, e.g., ignition timing, can be
adjusted to increase its torque output. The torque output of the
engine can also be increased above a desired torque output of
the engine system when the BSG is operating as a torque
consumer so the BSG can recharge the battery system while
the engine system outputs the desired torque.

In other words, the BSG and the engine can collectively
generate the desired torque output of the engine system at the
engine flywheel, although the BSG may be consuming a
portion of the actual torque generated by the engine while
operating as a torque consumer. Transitioning back and forth
between the BSG operating as a torque generator and a torque
consumer can be minimized to prevent delay due to inherent
belt elasticity. Further, by operating the BSG as a torque
generator or a torque consumer, the belt can be maintained at
a minimal tension. The techniques can also provide for
decreased costs because an EVT is not required to maintain
the minimal tension of the belt coupling the BSG to the
flywheel of the engine. Instead, the techniques provide for
operating the BSG during the whole time period of the BSG
being active as either a torque generator or a torque consumer,
and thus the belt always has at least the desired minimal
tension.

Referring now to FIG. 1, an example diagram of an engine
system 100 is illustrated. The engine system 100 can include
an internal combustion engine 104 (hereinafter “engine
104”). The engine 104 can be any suitable engine configured
to combust an air/fuel mixture to generate drive torque (a
spark ignition engine, a diesel engine, a homogeneous charge
compression ignition engine, etc.). The fuel may be gasoline
or another suitable combustible fuel (ethanol, natural gas,
propane, hydrogen, etc.). The engine system 100 can be
implemented in a vehicle, and the drive torque generated by
the engine 104 can be used to propel the vehicle using a
transmission and suitable drivetrain components (one or more
differentials, two or more wheels, etc.).

The engine 104 can draw air into an intake manifold 108
through an induction system 112 that can be regulated by a
throttle 116. The air in the intake manifold 108 can be dis-
tributed to a plurality of cylinders 120 and combined with
fuel, e.g., gasoline, from fuel injectors (not shown) to create
an air/fuel mixture. While four cylinders are shown, it should
be appreciated that the engine 104 can include other numbers
of cylinders. The air/fuel mixture can be compressed and
combusted within the cylinders 120 to drive pistons (not
shown) that rotatably turn a crankshaft 128 to generate drive
torque. An ignition controller (IC) 124 can control timing of
combustion of the air/fuel mixture, e.g., spark plug timing.
The drive torque can be transferred to vehicle drivetrain com-
ponents (not shown) via a flywheel 132 that is coupled to the
crankshaft 128.

The engine system 100 can also include a BSG 136. The
BSG 136 can be coupled to the flywheel 132 via a belt 140.
The drive torque at the flywheel 132 can be at least partially
transferred to the BSG 136 via the belt 140. This can be
referred to as the BSG 136 operating as a “torque consumer.”
Similarly, the BSG 136 can at least partially drive the fly-
wheel 132 via the belt 140 in order to drive the crankshaft 128,
e.g., during engine restarts. This can be referred to as the BSG
136 operating as a “torque generator.” While operating as a
torque generator, the BSG 136 can be a torque reserve for the
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engine 104. The BSG 136 can be powered by a battery system
144. The battery system 144 can be a single battery, e.g., a
typical 12 volt lead-acid car battery, or a battery pack com-
prising a plurality of batteries, e.g., a 48 volt lithium-ion
battery pack.

In one implementation, the BSG 136 can include an elec-
tric motor (EM) 148 and an alternator (ALT) 152. The electric
motor 148 can be coupled to the belt 140 and can either drive
the flywheel 132 or be driven by the flywheel 132, depending
on the mode of operation of the BSG 136. When driving the
flywheel 132, the electric motor 148 can be powered by a
current provided by the battery system 144. The capability of
the BSG 132 to operate as a torque generator, therefore, can
depend on the state of the battery system 144. For example,
the BSG 132 may be prohibited from operating as a torque
generator when a state-of-charge (SOC) of the battery system
144 is below a predetermined threshold. Alternatively, when
being driven by the flywheel 132, the electric motor 148 and
the alternator 152 can collectively generate a current, which
may be used to recharge the battery system 144.

The engine 104 can generate a desired torque based on
driver input via a driver input device 156, e.g., an accelerator
pedal. The driver input can represent a torque request for the
engine system 100. A controller 160 can control operation of
the engine system 100 and, more particularly, can control
components of the engine system 100 to deliver the torque
request. These components for delivering the torque request
can include slow-actuation components (airflow, fuel, etc.)
and fast-actuation components (spark, BSG, etc.). The con-
troller 160 can control the airflow by controlling the throttle
116 and can control ignition timing by controlling the ignition
controller 124. The controller 160 can also control the BSG
136 by selectively powering the electric motor 148 according
to a specified duty cycle and using a current from the battery
system 144, which is described in greater detail below.

Referring now to FIG. 2, an example functional block
diagram of the controller 160 is illustrated. The controller 160
can include a communication device 200, a processor 204,
and a memory 208. It should be appreciated that the term
“processor” as used herein can refer to both a single processor
and two or more processors operating in a parallel or distrib-
uted architecture. The memory 208 can be any suitable stor-
age medium (flash, hard disk, etc.) configured to store infor-
mation at the controller 160. For example, the memory 208
may store the predetermined threshold(s) for the battery sys-
tem 144 and/or the BSG torque coefficient, which are
described in greater detail below.

The communication device 200 can include any suitable
components, e.g., a transceiver, configured for communica-
tion with components of the engine system 100 via a control-
ler area network (CAN) (the throttle 116, the ignition con-
troller 124, the BSG 136, the battery system 144, the driver
input device 156, etc.). It should be appreciated that the com-
munication device 200 can also be configured to communi-
cate with other components (a remote server, a mobile phone,
another vehicle, etc.) via another network, such as a local area
network (LAN), e.g., Bluetooth communication, or a wide
area network (WAN), e.g., the Internet.

The processor 204 can be configured to control operation
of'the controller 160. These functions can include, but are not
limited to, loading/executing an operating system of the con-
troller 160, controlling information sent via the communica-
tion device 200, processing information received via the com-
munication device 200, and controlling read/write operations
at the memory 208. The processor 204 can also wholly or
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partially execute the torque management techniques of the
present disclosure, which are now described in greater detail
below.

Specifically, the processor 204 can determine a desired
torque output from the engine system 100 (T, in
response to a torque request. The torque request can be based
on drive input via the driver input device 156. The desired
torque output from the engine system 100 represents a desired
torque at the flywheel 132 of the engine 104. The torque at the
flywheel 132 can be provided from the engine 104 or a com-
bination of the engine 104 and the BSG 136 operating as a
torque generator.

The processor 204 can determine a current engine torque
capacity (ET_,,,.,.,)- The current engine torque capacity can
represent a torque capacity of the engine 104 at current oper-
ating parameters (airflow, ignition timing, etc.). In other
words, the current engine torque capacity can represent a
maximum amount of torque that the engine 104 can generate
at the current operating parameters.

The processor 204 can then determine whether the desired
torque output of the engine system 100 is greater than the
current engine torque capacity. When the desired torque out-
put of the engine system 100 is less than or equal to the current
engine torque capacity, the processor 204 can control the
engine 104 via the communication device 200 to generate the
desired torque output at the flywheel 132 because the engine
104 is capable of generating all of the desired torque output
for the engine system 100.

When the desired torque output is greater than the current
engine torque capacity, however, the processor 204 can deter-
mine a maximum engine torque capacity. The maximum
engine torque capacity can represent a maximum torque
capacity of the engine 104 at any operating parameters (air-
flow, ignition timing, etc.). In other words, the maximum
engine torque capacity can represent a maximum amount of
torque that the engine 104 can generate by adjusting one or
more of the operating parameters.

The processor 204 can determine a current BSG torque
capacity. The current BSG torque capacity can represent a
torque capacity of the BSG 136 at current operating param-
eters, e.g., rotational speed. The rotational speed of the BSG
136 can be the rotational speed of the electric motor 148. In
other words, the current BSG torque capacity can represent a
maximum amount of torque that the BSG 136 (the electric
motor 148) can generate at the current operating parameters.

The processor 204 can then command the BSG 136 viathe
communication device 200 to operate as a torque generator or
a torque consumer based on a difference between (i) the
desired torque output of the engine system 100 and the maxi-
mum engine torque capacity and (ii) a state of the battery
system 144. For example, the state of the battery system 144
can be a state-of-charge (SOC), e.g., a percentage, which
could be measured by a sensor (not shown) that is associated
with the battery system 144.

Specifically, the processor 204 can command the BSG 136
to operate as a torque consumer when the state of the battery
system 144 indicates that the BSG 136 (the electric motor
148) would be incapable of operating as a torque generator to
generate torque at the flywheel 136 for a sustainable period of
time. The processor 204 may determine that the BSG 136
would be incapable of operating as a torque generator when
the SOC of the battery system 144 is less than a first prede-
termined threshold, e.g., <25%.

Similarly, the processor 204 can command the BSG 136 to
operate as a torque generator when the state of the battery
system 144 indicates that the BSG 136 (the electric motor
148) would be capable of operating as a torque generator to
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generate torque at the flywheel 136 for a reasonable period of
time. The processor 20 may determine that the BSG 136
would be capable of operating as a torque generator when the
SOC of the battery system 144 is greater than a second pre-
determined threshold, e.g., >75%.

There could also be states of the battery system 144 where
the BSG 136 could operate as either a torque generator or a
torque consumer. For example, when the SOC of the battery
system 144 is approximately 50%, the BSG 136 could operate
as either a torque generator or a torque consumer. For
example only, the first predetermined threshold could be 25%
and the second predetermined threshold could be 75%, leav-
ing a 50% region in the middle where the BSG 136 could
operate as either a torque generator or a torque consumer. In
these cases, the processor 204 can determine whether to com-
mand the BSG 136 to operate as a torque generator or a torque
consumer based on other suitable parameters, e.g., loss in fuel
economy by performing ignition timing retardation instead.

After determining whether to operate the BSG 136 as a
torque generator or a torque consumer, the processor 204 can
control the engine 104 and the BSG 136 (the electric motor
148) via the communication device 200 to collectively gen-
erate the desired torque output at the flywheel 132 of the
engine 104. In some cases, the BSG 136 may be capable of
generating enough torque at the flywheel 132 such that the
engine 104 can continue operating at the current operating
parameters (airflow, ignition timing, etc.). In other cases, the
processor 204 may adjust the operating parameters of the
engine 104 to increase its torque output at the flywheel 132,
up to the maximum engine torque capacity, if necessary.

More specifically, the processor 204 can control the engine
104 via the communication device 200 to generate a sum of (i)
the desired torque output and (ii) a portion of the current BSG
torque capacity at the flywheel 132 of the engine 104 when
the BSG 136 is commanded to operate as the torque con-
sumer. In these situations, the BSG 136 can be configured to
consume the portion of the current BSG torque capacity gen-
erated by the engine 104 at the flywheel 132. The consumed
torque can be transferred from the electric motor 148 to the
alternator 152, which can convert the consumed torque to a
current for recharging the battery system 144.

Alternatively, the processor 204 can control the engine 104
via the communication device 200 to generate a difference
between (i) the desired torque output and (ii) the portion of the
current BSG torque capacity when the BSG 136 is com-
manded to operate as a torque generator. In these situations,
the BSG 136 can be configured to generate the portion of the
current BSG torque capacity at the flywheel 132. The battery
system 144 can provide a current to the BSG 136, and the
BSG 136 (the electric motor 148) can provide the portion of
the current BSG torque capacity at the flywheel 132. The
processor 204 can also command the BSG 136 (the electric
motor 148) to operate according to a specific duty cycle based
on (i) the torque to be generated by the BSG 136 at the
flywheel 132 and (ii) the rotational speed of the BSG 136.

In one example implementation, the processor 204 can
calculate the portion of the current BSG torque capacity
based on a product of (i) a coefficient (K, and (ii) the
current BSG torque capacity. The coefficient can represent a
multiplication coefficient for determining a nominal level of
BSG torque generation. The coefficient can be a value
between zero and one. In some implementations, the coeffi-
cient can be set to approximately 0.5 to provide an optimal
response time by the BSG 136 when an expected magnitude
of the desired torque output is unknown. By utilizing a coef-
ficient of approximately 0.5, switching between operating the
BSG 136 as a torque generator and a torque consumer can be
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avoided to eliminate response delays due to the elasticity of
the belt 140, which is discussed in greater detail below.

In some implementations, the coefficient can be greater
than but approximately equal to zero, e.g., 0.01, when (i) the
desired torque output is expected to be greater than the current
engine torque capacity to maintain at least a minimal tension
of the belt 140 and the BSG 136 is operating as a torque
generator, or (ii) the desired torque output is expected to be
less than the current engine torque capacity to maintain at
least the minimal tension of the belt 140 and the BSG 136 is
operating as a torque consumer. Similarly, for example, the
coefficient can be equal to or approximately equal to one
when (i) the desired torque output is expected to be less than
the current engine torque capacity and the BSG 136 is oper-
ating as a torque generator, or (ii) the desired torque output is
expected to be greater than the current engine torque capacity
and the BSG 136 is operating as a torque consumer.

Asmentioned above, the coefficient can be utilized to avoid
switching between operating the BSG 136 as a torque gen-
erator and a torque consumer. Continuously switching
between these modes of operation for the BSG 136 can cause
response delays for the BSG 136 due to the inherent elasticity
of the belt 140. Every time the BSG 136 switches from a
torque consumer to a torque generator, or vice-versa, the belt
140 switches from being driven by the flywheel 132 to being
driven by the BSG 136, or vice-versa, respectively.

Due to the inherent elasticity of the belt 140, this mode
switch/transition can cause a delay in torque response (at the
BSG 136, for torque consuming, or at the flywheel 132, for
torque generation). In other words, by utilizing the coeffi-
cient, the frequency of mode switches/transitions by the BSG
136 can be decreased to achieve better responsiveness. For
example, the coefficient can be set to 0.5 to provide the
optimal response of the BSG 136. By utilizing a coefficient of
approximately 0.5, the BSG 136 is limited to providing its
median torque output (half of its capacity), providing for
better responsiveness.

Referring now to FIG. 3, an example flow diagram of a
method 300 of torque management for an engine system
having a BSG is illustrated. For illustrative purposes, the
method 300 is described with respect to the engine system
100.

At 304, the controller 160 can determine a desired torque
output from the engine system 100 (T ,_,,,.,) in response to a
torque request, e.g., from the driver input device 156. At 308,
the controller 160 can determine a current engine torque
capacity (ET_,,,,.,..)- At 312, the controller 160 can determine
whether the desired torque output is greater than the current
engine torque capacity. If false, the method 300 can proceed
t0 316. If true, the method 300 can proceed to 320. At 316, the
controller 160 can control the engine 104 to generate the
desired toque output at the flywheel 132 when the desired
torque output is less than or equal to the current engine torque
capacity. The method 300 can then end or return to 304 for
one or more additional cycles.

At 320, the controller 160 can determine a maximum
engine torque capacity (ET,,,imum)- At 324, the controller
160 can determine a current BSG torque capacity (BT,,,,c...)-
At 328, the controller 160 can command the BSG 136 to
operate as a torque generator or a torque consumer based on
a difference between (i) the desired torque output and the
maximum engine torque capacity and (ii) a state of the battery
system 144 configured to power the BSG 136. At 332, the
controller 160 can control the engine 104 and the BSG 136 to
collectively generate the desired torque output at the flywheel
132 ofthe engine 104. The method 300 can then end or return
to 304 for one or more additional cycles.
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It should be understood that the mixing and matching of
features, elements, methodologies and/or functions between
various examples may be expressly contemplated herein so
that one skilled in the art would appreciate from the present
teachings that features, elements and/or functions of one
example may be incorporated into another example as appro-
priate, unless described otherwise above.

Some portions of the above description present the tech-
niques described herein in terms of algorithms and symbolic
representations of operations on information. These algorith-
mic descriptions and representations are the means used by
those skilled in the data processing arts to most effectively
convey the substance of their work to others skilled in the art.
These operations, while described functionally or logically,
are understood to be implemented by computer programs.
Furthermore, it has also proven convenient at times to refer to
these arrangements of operations as modules or by functional
names, without loss of generality.

Unless specifically stated otherwise as apparent from the
above discussion, it is appreciated that throughout the
description, discussions utilizing terms such as “processing”
or “computing” or “calculating” or “determining” or “dis-
playing” or the like, refer to the action and processes of a
computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system memories
orregisters or other such information storage, transmission or
display devices.

What is claimed is:

1. A method, comprising:

determining, at a controller for an engine system compris-
ing an engine, the controller having one or more proces-
sors, a desired torque output from the engine system in
response to a torque request, wherein the engine is con-
figured to generate torque at a flywheel, and wherein the
engine system includes a belt-driven starter generator

(BSG) coupled to the flywheel by a belt and an absence

of a variable tensioner;

determining, at the controller, a current engine torque
capacity; and

when the desired torque output is greater than the current
engine torque capacity:

(1) determining, at the controller, a maximum engine
torque capacity;

(ii) determining, at the controller, a current BSG torque
capacity;

(ii1) commanding, by the controller, the BSG to continu-
ously operate as either a torque generator or a torque
consumer while the engine is running based on a
difference between the desired torque output and the
maximum engine torque capacity and a state of a
battery system configured to power the BSG;

(iv) maintaining, by the controller, a desired minimum
tension on the belt without requiring the variable ten-
sioner by continuously operating the BSG as either
the torque generator or the torque consumer while the
engine is running; and

(v) controlling, by the controller, the engine and the BSG
to collectively generate the desired torque output at
the flywheel of the engine.

2. The method of claim 1, further comprising:

controlling, by the controller, the engine to generate a sum
of (1) the desired torque output and (ii) a portion of the
current BSG torque capacity at the flywheel of the
engine when the BSG is commanded to operate as the
torque consumer, wherein the BSG is configured to con-
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sume the portion of the current BSG torque capacity
generated at the flywheel; and

controlling, by the controller, the engine to generate a

difference between (i) the desired torque output and (ii)
the portion of the current BSG torque capacity when the
BSG is commanded to operate as a torque generator,
wherein the BSG is configured to generate the portion of
the current BSG torque capacity at the flywheel.

3. The method of claim 2, wherein the BSG includes an
electric motor configured to generate the portion of the cur-
rent BSG torque capacity at the flywheel using a current from
the battery system while the BSG is operating as a torque
generator.

4. The method of claim 3, wherein commanding the BSG to
operate as a torque generator includes controlling, by the
controller, the BSG according to a duty cycle, wherein the
duty cycle is based on (i) the portion of the current BSG
torque capacity generated by the BSG at the flywheel and (ii)
a rotational speed of the BSG.

5. The method of claim 3, wherein the BSG further
includes an alternator configured to generate a current
recharge the battery system using the portion of the current
BSG torque capacity consumed by the electric motor while
the BSG is operating as a torque consumer.

6. The method of claim 2, further comprising calculating,
at the controller, the portion of the current BSG torque capac-
ity based on a product of (i) a coefficient and (ii) the current
BSG torque capacity, wherein the coefficient is a value
between zero and one.

7. The method of claim 6, wherein the coefficient is
approximately 0.5 to provide an optimal response time by the
BSG when an expected magnitude of the desired engine
torque is unknown.

8. The method of claim 7, wherein the coefficient of
approximately 0.5 causes the BSG to switch less frequently
between operating as a torque generator and a torque con-
sumer to eliminate response delays due to an inherent elas-
ticity of the belt.

9. The method of claim 6, wherein:

the coefficient is greater than but approximately equal to

zero when (i) the desired torque output is expected to be
greater than the current engine torque capacity and the
BSG is operating as a torque generator, or (ii) the desired
torque output is expected to be less than the current
engine torque capacity and the BSG is operating as a
torque consumer; and

the coefficient is equal to or approximately equal to one

when (i) the desired torque output is expected to be less
than the current engine torque capacity to maintain at
least a desired minimal tension of the belt and the BSG
is operating as a torque generator, or (ii) the desired
torque output is expected to be greater than the current
engine torque capacity to maintain at least the desired
minimal tension of the belt and the BSG is operating as
a torque consumer.

10. The method of claim 1, further comprising controlling,
by the controller, the engine to generate the desired torque
output at the flywheel when the desired torque output is less
than or equal to the current engine torque capacity.

11. An engine system, comprising:

an internal combustion engine configured to generate

torque at a flywheel in response to a torque request, the
torque request indicating a desired torque output of the
engine system;

a belt-driven starter generator (BSG) coupled to the fly-

wheel by a belt and configured to continuously operate
as either a torque generator or a torque consumer while
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the engine is running to maintain a desired minimum
tension on the belt such that the BSG is not associated
with a variable tensioner configured to maintain the
desired minimum tension on the belt; and

a controller configured to:

determine a current engine torque capacity; and
when the desired torque output is greater than the current
engine torque capacity:

(1) determine a maximum engine torque capacity;

(ii) determine a current BSG torque capacity;

(ii1) command the BSG to operate as the torque gen-
erator or the torque consumer based on a difference
between the desired torque output and the maxi-
mum engine torque capacity and a state of a battery
system configured to power the BSG; and

(iv) control the engine and the BSG to collectively
generate the desired torque output at the flywheel
of the engine.

12. The engine system of claim 11, wherein the controller
is further configured to:

control the engine to generate a sum of (i) the desired

torque output and (ii) a portion of the current BSG torque
capacity at the flywheel of the engine when the BSG is
commanded to operate as the torque consumer, wherein
the BSG is configured to consume the portion of the
current BSG torque capacity generated at the flywheel;
and

control the engine to generate a difference between (i) the

desired torque output and (ii) the portion of the current
BSG torque capacity when the BSG is commanded to
operate as a torque generator, wherein the BSG is con-
figured to generate the portion of the current BSG torque
capacity at the flywheel.

13. The engine system of claim 12, wherein the BSG
includes an electric motor configured to generate the portion
of the current BSG torque capacity at the flywheel using a
current from the battery system while the BSG is operating as
a torque generator.

14. The engine system of claim 13, wherein the controller
is configured to command the BSG to operate as a torque
generator by controlling the BSG according to a duty cycle,
wherein the duty cycle is based on (i) the portion of the current
BSG torque capacity generated by the BSG at the flywheel
and (ii) a rotational speed of the BSG.

15. The engine system of claim 13, wherein the BSG fur-
ther includes an alternator configured to generate a current
recharge the battery system using the portion of the current
BSG torque capacity consumed by the electric motor while
the BSG is operating as a torque consumer.

16. The engine system of claim 12, wherein the controller
is further configured to calculate the portion of the current
BSG torque capacity based on a product of (i) a coefficient
and (i) the current BSG torque capacity, wherein the coeffi-
cient is a value between zero and one.

17. The engine system of claim 16, wherein the coefficient
is approximately 0.5 to provide an optimal response time by
the BSG when an expected magnitude of the desired engine
torque is unknown.

18. The engine system of claim 17, wherein the coefficient
of'approximately 0.5 causes the BSGto switch less frequently
between operating as a torque generator and a torque con-
sumer to eliminate response delays due to an inherent elas-
ticity of the belt.

19. The engine system of claim 16, wherein:

the coefficient is greater than but approximately equal to

zero when (i) the desired torque output is expected to be
greater than the current engine torque capacity and the
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BSG is operating as a torque generator, or (ii) the desired
torque output is expected to be less than the current
engine torque capacity and the BSG is operating as a
torque consumer; and
the coefficient is equal to or approximately equal to one 5
when (i) the desired torque output is expected to be less
than the current engine torque capacity to maintain at
least a desired minimal tension of the belt and the BSG
is operating as a torque generator, or (ii) the desired
torque output is expected to be greater than the current 10
engine torque capacity to maintain at least the desired
minimal tension of the belt and the BSG is operating as
a torque consumer.
20. The engine system of claim 11, wherein the controller
is further configured to control the engine to generate the 15
desired torque output at the flywheel when the desired torque
output is less than or equal to the current engine torque capac-

1ty.



